THE MORBIDITY, mortality, and rapid pace of transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019 (COVID-19), has led to an unprecedented health crisis. In anticipation of the projected surge of COVID-19 cases, the Commonwealth of Massachusetts and city of Boston set up a plan to establish alternate care sites (*e.g.*, field hospitals)^[@R1]^ to meet the needs of COVID-19 patients requiring acute and subacute care.^[@R2],[@R3]^ Local models based on data from Wuhan, China^[@R4]^ projected an estimated 0.7% to 2.5% of the population of the state of Massachusetts to be infected, with a peak incidence estimated to occur between April 10 and April 20, 2020. This projection predicted the need for 2,500 to 7,500 acute care hospital beds, a number which would have exceeded the established bed capacity of the catchment area.^[@R5],[@R6]^ A field hospital named "Boston Hope" was rapidly deployed within 2 weeks as a collaborative venture between the major city hospitals and federal and state government agencies to serve the emergent anticipated needs of the Greater Boston and eastern Massachusetts areas.^[@R7]^

Boston Hope was initially set up to provide care for low-acuity patients and was equipped and staffed according to the level of a skilled nursing facility. The need to provide a solution for a large number of patients, as well as a predicted large number of COVID-positive undomiciled persons, led to the design of a 500-bed medical facility (fig. [1](#F1){ref-type="fig"}) alongside a 500-bed shelter for those not requiring continuous medical care. Care units were designated as pods of forty patients each, staffed with one medical doctor (only in higher-level moderate acuity pods), two advanced practice providers, five registered nurses, five to 10 certified nurse assistants, three to six physical/occupational therapists, and a resource specialist/unit coordinator. In addition, respiratory therapists, pharmacists, social workers, mental health specialists, and case management workers shared coverage across the pods. Of note, because of the limited availability of clinicians actively practicing in inpatient settings, most of the clinical staff hired were from low-acuity outpatient settings.

![Boston Hope and hybrid acute care--intensive care unit. An overhead photograph of one of the patient areas (*A*) taken just before opening and a preliminary schematic of the layout of Boston Hope patient area (*B*). The patient space outlined in the red circle was redesigned to function as a high dependency/observation unit (*C*), which was equipped with a hospital stretcher, vital sign monitor, oxygen regulator, intravenous access/fluid kits, and newly installed overhead lighting. These observation bays were established adjacent to the negative pressure room (*D*), fully equipped for resuscitation, airway management, and ventilation if necessary.](aln-publish-ahead-of-print-10.1097.aln.0000000000003521-g001){#F1}

Redefining the Mission of Boston Hope
=====================================

During planning and development, there was an early recognition of the need to be able to provide higher levels of care or critical care for potential respiratory deterioration in patients recovering from COVID-19.^[@R8]^ An innovative hybrid acute care--intensive care unit (ICU) was therefore created to address the anticipated critical care needs of these patients and provide rapid response and rescue capabilities in the event of an emergency.^[@R9]^ The acute care--ICU was originally designed as two negative pressure resuscitation rooms which were later expanded with a four-bed high-dependency observation unit (fig. [1](#F1){ref-type="fig"}). Because of the limited availability of critical care providers during the pandemic, the staffing model for this unit relied on support of providers with essential critical care training, such as anesthesiologists and emergency medicine physicians who augmented the intensivist group. More specifically, most elective surgical activity in the region's hospitals was placed on hold, hence the increased availability of anesthesia providers to supply this service, and their versatile ability in delivering comprehensive care, made them natural candidates to fulfill this role. Additional training, guidance, and oversight was provided by certified intensivists.

The concept of establishing critical care services within the framework of a low-acuity civilian setting is innovative and had not been widely implemented. Herein, we describe the framework for implementation of critical care and rapid response capabilities within the setting of a civilian building at a time of significant resource constraints. We highlight the challenges and outline a pragmatic step-wise approach using quality improvement methods to improve the efficiency of care in the unfamiliar setting posed by the pandemic.

Quality Improvement Methods Used to Assess Rapid Response Capabilities
======================================================================

To establish and implement rapid response capabilities within Boston Hope, we applied prospective quality improvement methods such as process mapping, failure modes and effect analysis, and on-site walkthroughs. These methods enable proactive identification of potential hazards and outline opportunities for mitigation efforts. *In situ* simulation drills were conducted to allow implementation, team training, and further hazard detection. In parallel, the assessment of resource requirements, workflow planning, and distribution of standard operating procedures was undertaken. Through a continuous, rapid-cycling quality improvement process, standard operating procedures were updated and redistributed based on the hazards or gaps in care identified in real-time or through the prospective methods described above. This observational, descriptive study was reviewed by our local Institutional Review Board. Written informed consent was waived (2020P001496).

Failure Modes and Effect Analysis, Process Mapping, and On-site Walkthroughs
============================================================================

An initial process map was created to identify the proposed sequence of events in the event of clinical decompensation, specifically from the recognition of a deteriorating patient to their arrival into the negative pressure resuscitation room (fig. [2](#F2){ref-type="fig"}). Within this simple flow diagram, barriers for safe patient care were identified and reviewed using a modified failure modes and effect analysis approach.

![Process mapping. A process map, created during the initial planning phase, outlining the proposed sequence of events from the recognition of a deteriorating patient to their arrival into the negative pressure resuscitation room. The stars identify areas of risk or anticipated hazard. ICU, intensive care unit.](aln-publish-ahead-of-print-10.1097.aln.0000000000003521-g002){#F2}

Failure modes and effect analysis is an efficient means to prospectively evaluate and identify opportunities for failures within a design or complex task. It is aimed at prioritization of corrective measures.^[@R10]--[@R12]^ Traditional healthcare failure modes and effect analysis requires the assembly of a designated team to review each step within a complex task, identification of potential failure modes, and the assignment of a numerical value to each for severity, probability of occurrence, and detectability. When these values are combined, a risk priority number is generated, which helps guide prioritization of interventions.^[@R13]^ We adopted a modified failure modes and effect analysis process because of the constraints of time and the inability to assess the occurrence of emergency events while managing a unique care site during an evolving pandemic. Failure modes were identified by a team of medical and nursing leaders, along with the site managers in charge of operations. Using a group deliberation approach, failures and their potential downstream effects were assigned a severity (high, intermediate, low) and prioritization (immediate, urgent, or deferred action required) and the scope for intervention was evaluated (appendix). Finally, an on-site walkthrough was performed with medical and nursing leads.^[@R14]^ The purpose of the walkthrough was to assess workflows, detect safety issues, and determine the most efficient means for urgently transferring an unstable patient into a negative pressure room to receive appropriate care.

During the initial planning phase and process mapping, the absence of a standardized workflow for the management of a deteriorating or complex patient was noted. Recognition that standard rescue practices could not be adopted because of considerations unique to COVID-19 were noted. For example, aerosolizing procedures such as chest compressions and airway management could not take place in the common areas. Additionally, care teams redeployed *ad hoc* from different institutions were not required to be Advanced Cardiac Life Support certified and had limited training and experience in managing acute patients.

The box bed within each patient bed space was difficult to mobilize and was restricted to an unadjustable height. Therefore, to facilitate a safe transfer to a negative pressure room, transfer to a stretcher was deemed necessary. With both the stretcher and the bed present, the small size of the bed space limited the staff mobility within the room. The walkthrough also highlighted the limited supply of automated external defibrillators and backboards for assisting in the transfer of patients not found on their bed or in nontraditional areas (*e.g.*, restrooms, rehabilitation area).

Communication on the floor posed a significant challenge for multiple reasons, arising primarily because the patient care area was a repurposed exhibition hall lacking the standard communication panels found on hospital floors. Patient bed spaces were not equipped with call bells, nor were central monitoring devices available. The size and structure of the hall at times made it impossible to maintain direct visual contact with the nursing station while with patients. This was further complicated by the use of personal protective equipment, muffling the sound of a call for help by masks and the acoustics of a huge hall with a loud venting system. These constraints required immediate solutions to enable timely signaling for help or triggering of the rapid response team.

Actions and Mitigation Strategies
---------------------------------

Nearly twenty solutions were implemented to address the issues identified through the proactive measures described above (table [1](#T1){ref-type="table"}). Failure modes identified as high severity and immediate priority were targeted for intervention, whereas other issues were deferred (appendix).

###### 

Failures and Hazards Detected Using Quality Improvement Methodology and Solutions Implemented

![](aln-publish-ahead-of-print-10.1097.aln.0000000000003521-g003)

Workflows for the escalation of care and the management of an emergency were refined and distributed (fig. [3](#F3){ref-type="fig"}), to help distinguish between clinical deterioration requiring a higher level of care (*e.g.*, patients with moderate respiratory symptoms brought to the observation area for continuous monitoring and supplemental oxygen) and perceived life-threatening situations prompting the activation of the rapid response team. An emergency action sequence, once a life-threatening condition is recognized, was included in training and team huddles. These actions included the identification of the emergency situation, leaving the patient alerting the nearest nursing station to call for help, activating a activating a rapid response call, returning to the patient, and placing automated external defibrillator pads onto the chest while waiting for help to arrive with a stretcher. Once help arrived, the bed was moved out of the bed space and a four-member team assisted in transferring the patient onto the stretcher before transporting to the negative pressure room. Meanwhile, the activated rapid response team will have assembled, waiting to receive the patient in the negative pressure room and assume care.

![Workflow for escalation of care. The final version of the escalation of care workflow, including the rapid response activation number. Personal contact details of the acute care consulting and emergency medical services have been removed from this image. CPR, cardiopulmonary resuscitation.](aln-publish-ahead-of-print-10.1097.aln.0000000000003521-g004){#F3}

Urgent requests for equipment acquisition were made to ensure an adequate number of automated external defibrillators were available (*e.g.*, one for every nursing station) as well as enough backboards for patient transfers. Rapid response pagers were issued using the existing telecommunication system and the emergency stat-line of Massachusetts General Hospital. Pagers were all programmed to the same number and assigned to all members of the rapid response team, including the acute care physician, two nurses, a respiratory therapist (or experienced provider), and the medical team leads from each patient pod.

*In Situ* Simulation
====================

*In situ* simulation, whereby drills are carried out within a team's actual working environment, provides a further means of identifying site-specific hazards.^[@R15],[@R16]^ It is an efficient, cost-effective tool to facilitate interprofessional team-based training.^[@R17]--[@R21]^ *In situ* simulation drills were conducted in Boston Hope to facilitate staff training, assess workflow efficiency, evaluate the performance of the rapid response team, and identify deficiencies and hazards in our set up.

When designing *in situ* drills, we considered the diversity in training and skill set among our personnel. Providers at Boston Hope were effectively practicing in an alien environment; many of them were never trained in the management of a deteriorating patient (*e.g.*, outpatient practices). Moreover, the safety regulations preventing the initiation of chest compression and ventilation in the common area mandated the design of a site-specific emergency sequence. We therefore chose to scope our training and simulation scenarios to focus on the identification of the unresponsive patient and the required management until arrival into the resuscitation area. Outcomes were set to reflect the steps required to complete this task.

*In situ* simulation drills were conducted on alternate days and covered each patient care area. Our first scenario took place in the patient pod located farthest from the acute care--ICU area; subsequent scenarios were held in patient pods closer to the resuscitation area. A separate simulation drill was performed with physical therapists within the rehabilitation area, where patients perform their daily physical activities. This rehabilitation area was chosen specifically for simulation drill because of the additional concerns of hazards resulting from the activities performed by patients in this area and the distance from medical providers.

The plan to conduct a simulation drill was discussed during daily staff briefings, which included reviewing the emergency management workflows and confirming the location of the automated external defibrillator and stretcher. Simulation briefings also included the recommendations for safe conduct during drills. Participants would then return to their routine daily assigned roles and tasks. A short while after the morning briefing, the mock scenario would begin when a facilitator would ask a provider to obtain vital signs from a patient, which in this case was a mannequin placed in the bed space. These drills lasted approximately 3 to 4 min, focusing on the action sequence that included patient identification, call for help and activating the rapid response pagers, automated external defibrillator placement, and transfer to the negative pressure room. Timing of automated external defibrillator placement and arrival to the negative pressure room were recorded using a mobile phone by the drill facilitator. A short debrief was held after every simulation drill to review improvement opportunities, to identify hazards and implementation barriers, and to provide participant feedback. *In situ* simulation drills were considered successful if automated external defibrillator pads were applied to the mannequin within 2 min of the recognized emergency, as recommended by the American Heart Association guidelines for resuscitation,^[@R22]^ and on completion of a timely transfer to the negative pressure room for further management.

Six simulation drills were performed over a 2-week period to cover the entire site. Participants in each drill included the personnel assigned the patient area where the mannequin was "found'' and the assigned on-call rapid response team of that day. The mean time for placement of automated external defibrillator pads and time to arrival into the negative pressure resuscitation room were 42.7 s (range, 30 to 75 s) and 150.2 s (range, 128 to 167 s), respectively. This result was reassuring in that delivering a defibrillation shock within the recommended 2-minute window is within our process capabilities.^[@R22]^

Despite what we perceived as successful drills supporting our newly designed workflows, several issues were revealed during the process of *in situ* simulation (table [1](#T1){ref-type="table"}). Delays in the paging activation process resulted in noticeable delays in the assembly of the rapid response team. During two simulation drills, the rapid response call was placed seconds after recognition of the emergency; however, the pagers were activated only after the patient's entrance to the negative pressure room several minutes later. Investigation of these events revealed that extensive time was lost in exchanging information between the caller and the operator, such as the patient's name, location, call-back number, and the read-back by the operator. The timely donning of personal protective equipment for a rapid response call was complicated by the need for the members of the rapid response team to locate their own reusable face-shield and N-95 respirator mask, which were placed on numbered shelves. This created a further delay in response. Difficulties were also seen when attempting to open automated external defibrillators, because it was not intuitive for most providers to lift an unmarked latch to open the box. This contributed to a delay in the delivery of a simulated shock.

Actions and Mitigation Strategies
---------------------------------

To address the issues identified through *in situ* simulation, a further 12 solutions were implemented (table [1](#T1){ref-type="table"}). Information exchange during a rapid response call was minimized and standardized. Pagers were activated by simply requesting the "Boston Hope Rapid Response Team." The stat line number was programed into every landline phone to enable speed dialing, and a protocol was established that the rapid response team report directly to the negative pressure room, thus eliminating the need to provide specific location details. Implementation of a rapid personal protective equipment donning station for rapid response team members was established near the entrance to the hospital hall and included prepackaged personal protective equipment kits in several sizes and the allocation of a new role of a personal protective equipment attendant to aid the responders. Labeling was applied to automated external defibrillator boxes ("lift to open") to identify the latch and facilitate opening the box. Further training on opening and operating the automated external defibrillator was provided to staff, both ahead of and during simulated scenarios.

Reflection and Debriefing after Real-life Cases
===============================================

In event of a real emergency, activation of the rapid response pagers, or the use of the negative pressure resuscitation room, an immediate debrief was held with the relevant members of the care team. Postevent debrief and feedback were obtained directly from each team member after patient encounters. The purpose of the debrief was to generate a conversation around perceived barriers and to prioritize actionable items to correct hazards and improve safety and efficiency.

During the first few days of operation, unwell patients were brought into the negative pressure room where they were assessed and monitored. Designed for airway management and resuscitation, the negative pressure rooms were secluded from the outside environment, which limited the ability of staff to monitor patients unless physically present in the room, restricting their ability to attend to other patients.

Through reflection and debriefing after the management of the first patients in Boston Hope, it became apparent that mild to moderate issues, such as rising oxygen requirements or desaturations, may not have required the use of a negative pressure room, but instead, an intermediate option, where patients could be monitored, receive supplemental oxygen, or be proned.

Actions and Mitigation Strategies
---------------------------------

The patient area closest to the negative pressure rooms was redesigned as four high-dependency observation bays (fig. [1](#F1){ref-type="fig"}) to allow continuous monitoring, management, and evaluation of patients until a decision was made to either transfer or return to their patient pod. These upgraded patient spaces allowed us to provide care for patients with higher acuity based on the routine staffing model and overseen by providers with experience in acute care. The escalation of care workflow was updated to include this area within the management algorithm. On reflection, these observation bays, which were populated daily, were an important contribution to our ability to hold and assess patients and likely obviated the need to transfer patients to higher level of care.

Other issues and mitigation strategies after the management of real patients in the acute care area are described in table [1](#T1){ref-type="table"}.

Lessons Learned after Implementation of a Rapid Response Team at Boston Hope
============================================================================

During 54 days of clinical operation, more than 700 COVID-19 patients were successfully treated at Boston Hope. Rapid response capabilities and critical care services were successfully established within 10 days from the initial planning phase. Overall, 76 encounters were registered for the critical care team, most of which were attended by direct consult rather than rapid response team activation. Complaints were categorized in order of prevalence: respiratory/hypoxia (37%), chest pain/acute (11%), electrolyte disorders (9%), arrythmias (8%), altered mental status/neurologic symptoms (7%), and abdominal symptoms (5%). Complaints with less than 5% prevalence included glycemic control, fever, pain, hypotension, falls, hypertension, and the need for ultrasound-guided venous access. Of the 76 encounters, 55 patients (72%) were successfully treated, stabilized, and observed in the acute care section, thus preventing transfer to higher-level care in surge-overwhelmed tertiary care centers in Eastern Massachusetts. The rapid response team was activated by "code" activation in three instances, which included seizures/syncope, acute coronary syndrome, and shock. These patients were treated by the rapid response team, stabilized in the acute care unit, and transferred to a tertiary center emergency department when stable. Invasive airway management was not required.

The Impact of Quality Improvement Methodology
=============================================

In establishing the rapid response capabilities at Boston Hope, we describe our experience of using several quality improvement tools combined with *in situ* simulation, to facilitate implementation of rapid response capabilities within a nonconventional care area. We further demonstrated that established quality and safety concepts developed within the traditional healthcare setting can systematically and rapidly be extrapolated to a large-scale field hospital in a time-pressured fashion.

This unique setting at Boston Hope was established as part of surge preparedness measures to manage COVID-19 patients across Eastern Massachusetts. Initiated at a time of uncertainty in disease progression and significant resource constraints, the mission of Boston Hope to aid an overwhelmed healthcare system was made possible by proactive meticulous planning. By creating a hybrid acute care--ICU, we were able to further expand the capabilities of this hospital to provide a unique service to our patient population and strained regional health systems. The process of establishing this service required continuous quality improvement and rapid cycle iterative change to provide streamlined safe and efficient care. The plausibility of establishing an acute service with rapid response capabilities, within a pressured time frame, has been reported by several major centers globally.^[@R23],[@R24]^ However, these reports do not describe in detail which methods of improvement were used to address local, site-specific issues, which we believe are key learning points from our experience.

Recommendations
===============

Inherent risks are associated with the redesign, repurposing, or expansion of healthcare services, especially if these are done within a rapid timeframe.^[@R25],[@R26]^ Therefore, a prospective approach to diagnosing workflow failures as well as a strategy for continuous detection, improvement, and simulation training are paramount in providing a safe and efficient care environment.

Process mapping is a key principle in quality improvement to truly understand the sequence of actions within a workflow.^[@R27]^ When combined with interdisciplinary on-site walkthroughs, the identification of risk or potential for failures within a process becomes apparent.^[@R14]^ In our initial planning stages at Boston Hope, the use of these tools enabled the rapid and urgent acquisition of critical supplies and the creation of patient rescue protocols tailored to this unique environment. Our experience supports the need to continuously evaluate and iterate workflows, especially in a new environment.

Simulation is a well-established training method used to improve teamwork performance and outcomes. *In situ* simulation further supports the detection of local site-specific failures and latent hazards.^[@R15],[@R16]^ The use of *in situ* simulation in this setting at Boston Hope not only provided a medium for training and team building but also enabled the detection of significant gaps in our care. Additionally, frequent drills provided the forum for communicating rapidly changing protocols. We recommend the use of regularly scheduled *in situ* training drills to facilitate the implementation and improvement of emergency management workflows. The accumulated experience at Boston Hope may serve as a foundation for preparedness and training of anesthesia and other acute care providers.^[@R28]^

Limitations
===========

We delineated our single-center experience of rapid capacity expansion in the setting of a pandemic. It is likely that the logistic and safety considerations highlighted in our experience may have been influenced by local and regional factors and interventions and thus may not be completely extrapolated to other rapidly deployed systems developed for similar function. Nonetheless, the framework developed through use of established quality improvement tools and multiple iterations could be used to guide, develop, and refine strategies for rapid development of capabilities outside normal clinical arenas. Modifications according to local resources may be needed to account for considerations unique to other centers.

Our ability to measure the effect of our efforts and the implementation processes were limited by the time frame. Because the rapid response capabilities were developed in an active site with a growing number of patients, our main goal was to establish, distribute, and train our staff with the optimal pathways for patient rescue.

Conclusions
===========

Using a combination of quality improvement tools for proactive hazard detection, testing through *in situ* simulation, and debriefing real-life cases, we successfully uncovered several operational failures and hurdles within our newly developed care environment. Through continuous quality improvement, stepwise cycling, and iterastive change, we implemented more than 30 appropriate mitigation strategies to improve the efficiency of our workflow and establish rapid response capabilities. We hope this framework may act as a guide for future rapid capacity expansion in emergency situations. Reassessment of this framework at regular intervals is warranted to ensure its continued robustness in the setting of rapidly evolving scenarios.
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